This paper studies the extent to which real estate prices impact common stock prices in Hong Kong. Real estate-related firms account for over 30 percent of Hong Kong's stock market capitalization. The real estate markets are therefore major determinants of changes in common stock prices. This study, using data during the 1974-1998 period, not only supports empirically that both unexpected changes in residential and office property prices are important determinants of the change in stock prices for Hong Kong, it also finds that the property and stock price series are cointegrated. Impulse response function based on an error-correction VAR model is used to examine the dynamic relationships between real estate and common stock prices.
Introduction
Real estate-related stocks account for a substantial portion (over 30 percent in 1997) of Hong Kong's stock market. Ten of the top 20 companies listed are real estate or real estate-related companies. The market share of the six major real estate developers accounts for about 40 to 50 percent of the new supply of residential and office properties. Real estate demand in Hong Kong mostly concentrates mainly on residential and office property (see Table 1 ). The development share in residential and office property accounts for about 90 percent of total property development in Hong Kong (Webb and Tse, 2000) . Due to industrial relocation, the takeup of industrial property became negative in the mid-90s. Thus, in Hong Kong the two property types with active transactions are residential and office.
The real estate development companies have been very profitable in the past. On the other hand, non-real estate development companies hold substantial real estate also. Consequently, the real estate market is, potentially, a major mechanism for affecting changes in stock prices. For instance, investors will often await news on real estate sales before making short-term buying and selling decisions in stock trading. It is not uncommon to see common stock prices drop seemingly due to poor sales in a large real estate development.
A good deal of stock market volatility can be attributed to the real estate market. For example, due to the financial turmoil in October 1997, the Hong Kong stock index (HSI) dropped by 35 percent (up to July, 1998) and the real estate market declined by about 30 percent. More than 11,000 pre-sale flat (apartment) transactions (about 60 percent of the total supply for 1997) by developers might be cancelled in 1998 following the drastic fall in real estate values since the previous year's peak. Clearly, the Properties sub-index has performed the worst during this period. Its price-earnings ratio (P/E) decreased from 15.7 in July 1997 to 4.96 in July 1998, down by 68 percent, which is the lowest among all the Hong Kong stock subindices (Table 2 ). The P/E ratio for properties was only 54 percent of the average P/E ratio in July 1998, compared with 91 percent in July 1997.
The Utilities sub-index, however, appear to be least affected by the financial turmoil. In general, a lower P/E ratio reflects a higher level of uncertainty in the industry concerned.
Investors can invest in the real estate market directly by purchasing real estate stocks. Commissions are much lower for real-estate stocks than when purchasing real estate. Unlike real estate, the liquid nature of common stocks has made it a target for investors looking for markets to move. Many of these real estate or non-real estate companies which have substantial investments in common stocks, will be the hardest hit by the drop in real estate values. Hence, real estate and securities prices will form a decreasing price-spiral. For instance, Chinese Estates Holdings, a large real estate investment company, reported a net loss on its securities portfolio of HK$1.16 billion (US$148.7 million) in 1997. Its share prices subsequently have declined dramatically (about 15 percent in a short period of time).
In general, the correlation between stock returns and real estate price changes will arise if macroeconomic variables simultaneously affect corporate profits and rents. However, changes in stock prices could induce a negative relation between stock prices and commercial real estate values. Stock prices increase because of increased profits in the corporate sector. This increase in corporate profits could result from increased labour productivity, and the increase in productivity could in turn lead to corporate downsizing and decreases in the demand for office space, which could reduce their rental prices and values. For instance, advances in E-commerce and reductions in communication costs have contributed to the decreased demand for office space per employee. Newell and Chau (1996) , using simple correlation, show that each of the real estate companies had high positive correlation with the stock market. They also found that low positive correlation was evident between the stock market and the real estate market, particularly for office and retail. However, simple correlation cannot provide much insight into the problem. Chiang and Ganesan (1996) show that in terms of risk and return, direct property investment in Hong Kong is superior to that of property stocks. Alternatively, Liang and Webb (1996) suggest that investors should diversify into commercial real estate and international equity. However, the application of investment evaluation techniques requires an understanding of the interactions between different investment tools. Eichholtz and Hartzell (1996) estimated correlations of −0.09, −0.10 and −0.08 for the U.S., Canada and the U.K. between real estate and stock indexes. More recently, Quan and Titman (1999) , using data from 17 different countries over 14 years, found a significant positive relation between stock returns and changes in commercial real estate values. They argue that real estate and stock prices are both driven up and down by changing expectations of future economic growth that is independent of current fundamentals.
The purpose of this study is to provide some evidence concerning the extent to which common stock prices are driven by real estate prices, in Hong Kong different types of real estate should have varying impacts on stock prices. By estimating the relative impacts of residential and office real estate prices on stock prices, one can allow explicit consideration for the inclusion of real estate in efficient portfolios. The plan of this paper is as follows. The second section describes the method of analysis, and presents the data on which this analysis is based. The third section presents the impulse response function for examining the dynamic relationships between real estate and common stock prices. The paper ends with some concluding remarks.
The Data and Model
In this study, it is assumed that the rate of change for common stock prices (xp) is effected by expected and unexpected changes in the growth rates of real estate prices. Bond and Seiler (1998) show that residential real estate is a significant hedge against both expected and unexpected inflation, whereas financial assets are not good inflation hedges during periods of high unexpected inflation. In this study, it is assumed that actual inflation rates can be used as a proxy for the expected growth rates in real estate prices, because replacement costs of depreciating assets are constantly rising due to inflation (Wheaton and Torto, 1989; Tse and Webb, 1999) . The unexpected change in the growth rates of real estate prices is thus (x it − E t P t ), where x it is the growth rate of real estate prices in class i, and P is the inflation rate which is simply the growth rates in the consumer price index. We use the Fama and Gibbons (1984) methodology to derive the expected and unexpected variables:
where xp t = (XP t /XP t−1 − 1), represents the rate of growth for common stock prices. The common stock price (XP ) is the Hong Kong Hang Seng Index (HSI), which is measured as the average of monthly indexes. Monthly indexes refer to the positions at the end of the month. The hypothesis is that the unexpected and expected changes in real estate prices are positive if µ i1 > 0 and µ i2 > 0 respectively. This study only employs residential and office real estate prices, which are the most important and popular investment targets for Hong Kong investors. The next step is to estimate the expected inflation rate E t P t . The basic problem is that, in the absence of index-linked securities, the expected inflation rate is simply not observable. Expected inflation can be derived from the differences between the yield on comparable index-linked and nominal securities. In the absence of index-linked securities, expectations of inflation can be obtained using time-series methods or from the rates of inflation forecast by econometric models. Fame and Gibbons (1984) use the Fisher equation and time-series analysis to estimate real returns for Treasury bills. From the Fisher equation, the difference between the Treasury bill rate and the fitted expected real return provides a measure of the expected inflation rate. Using Box-Jenkins analysis, the realized real return can also be represented as an integrated first order MA process. Alternatively, inflation rates can be weighted to compute an average measure of expected inflation over the term to maturity. For example, Chadha and Dimsdale (1999) use a three-year weighted backward-looking moving average. However, interest rates help to depress inflation. Hence, nominal interest rates may be important to the market's evaluation of the inflation situation and thus play a central role in the formation of inflation expectations (Lahiri, 1976) . Thus, we assumed that past interest rate (i) with a time lag k, is an indicator of expected future inflation:
Alternatively, Blanchard and Summers (1984) suggest that expected inflation is represented in an ex-post manner as a distributed lag of actual inflation rates. However, the interest rate is slow to reflect changes in expectations (Harris, 1989) . The slow adjustment of interest rates to inflation have been examined by Friedman and Schwartz (1982) . Following Sheffrin (1983) , in this study, it is further assumed that the inflation rate follows an adaptive process, such that:
where α is an adjustment parameter. Combining Eqs. (2) and (3) yields,
where
Equation (4) can be expressed as:
for j = 1, 2, . . .. As is seen, the inflation rate depends upon the past distributed lags of interest rates. Note that a → a as j tends to ∞. Equation (5) indicates that the influence of interest rates on inflation rates diminishes over time.
In this study, the data cover the 1974 through 1998 period and were obtained from the Hong Kong Property Review (various issues) and Hong Kong Annual Digest of Statistics (various issues). The real estate price indices are based on an analysis made of transactions scrutinised by the Hong Kong Department of Rating and Valuation for stamp duty purposes. The indices measure value changes by reference to the factor of price divided by rateable (taxable) value of the subject properties. In effect, by utilising rateable value, allowance is made not only for floor area but also other qualitative differences between properties. These indices are generated from market-based data. Table 3 presents the rates of change of the variables. The null hypothesis of zero mean for the rates of change of P and i is not rejected, indicating that inflation rate and interest rate tend to grow at a zero rate in the long run. Residential real estate prices have a slightly higher mean growth rate, but with a much lower standard deviation than office real estate prices. Their growth rates are significantly higher than zero. The stock market has the highest return, but with the second highest volatility. The volatility of residential property is about 0.64 of that for office property and 0.80 of common stocks in general. However, volatility alone is by no means equivalent to risks, because high volatility may also indicate high liquidity. Moreover, volatility does not incorporate vacancy risks. For instance, property transactions are few when the property market is in a slump. In addition, most real estate assets are illiquid in nature, especially in the industrial and retail sectors. The characteristics associated with illiquid markets are: the return on the asset to be greater, the volume of trade to be less, and the return on the asset to be more risky than it otherwise would have been (Instefjord, 1999) .
Owing to the infrequent trading of the industrial and retail real estate, the volatility measures cannot fully explain their actual volatilities. Thus, in a depressed market, many landlords prefer to lease their properties, rather than dump them on the market at a large discount (Tse, 1999) . As a result, the change in market prices may not be reflected in volatility. Statistical estimation of Eq. (4), starting from k = 1, indicates that significant results can be obtained with k = 2: 
The actual and expected inflation rates are depicted in Fig. 1 . As is seen, inflation expectations began to climb while inflation was escalating in the 1977-81 period. Inflation expectations peaked in 1977 and thereafter the Note: P = Actual inflation rate, E(P) = Expected inflation rate.
Fig. 1. Estimations for Expected Inflation
actual inflation rate began to surge and then peaked in 1980. Inflation rates declined to 1986 levels and real estate prices moderated. The inflationary spiral began again in the mid-1980s, rising from about three percent in 1986, to 12 percent in 1991, and then stabilising at an average of nine percent in the 1992-1995 period. Hong Kong's high inflation rate was unusual, since it occurred at a time when the interest rate, which is linked to U.S. interest rates, was low (Tse, 1996b) . The high inflation was the primary factor stimulating house prices in the early 1990s (Tse, 1996a) . There is also evidence of possible contagion effects between the Hong Kong and U.S. stock markets. Changes in stock prices can be transmitted to other countries by their effects on aggregate demand and balance of payments. A decline in stock market wealth will lower consumption, including imports, and lower investment by its effect on Tobin's q (Bordo et al., 1998) . Since Hong Kong interest rates are linked to the U.S. rates, the changes in interest rates will reflect part of the contagion effects between Hong Kong and U.S. markets. Now, Eq. (1) can be estimated. The results are shown in Table 4 (col.1 and 4). While the sign of µ i1 is significant and as expected, the coefficient µ i2 appears to be insignificant and negative. This indicates that unexpected, rather than expected changes of real estate prices, have a significant impact on the change of stock prices.
However, Summers (1981) argues that the impact of expected inflation on stock prices is negative. The initial impact of a change in the expected rate of inflation is to reduce the value of the stock market. A rising expected inflation has a negative impact on the stock prices for two reasons. A higher expected inflation raises uncertainty in the business environment. Second, if higher inflation is expected in the future, the total discounted net earnings of corporations will be lower. Inflation penalises investments in stocks because corporations pay income taxes far too large in relation to their real profitability (Summers, 1981; Follain and Ling, 1988) . If the stock market is highly efficient, the lead-lag relationship between the expected changes in real estate prices and stock prices might not be established, since the stock prices will reflect all available information immediately. Since annual data are used in this study, it would be expected that all anticipated information must have been reflected in the stock prices. Thus, stock prices are only responding to the unexpected change of real estate prices. Equation (1) is estimated without the inflation term (P t ):
All of the coefficients are now significant and as expected (Table 4 , col. 2 and 5). The results show virtually no auto-correlation. If E t P t is replaced with actual inflation (P t ) in Eq. (8), the results do not change very much (Table 4 , col. 3 and 6). It is interesting to note that the impact of residential property prices on stock prices is about 127 percent higher than the impact of office real estate prices on stock prices. The correlation coefficient between the growth rates in stock prices, and residential and office real estate prices is 0.553 and 0.395 respectively. This may be due to the fact that most developers in Hong Kong focus more on residential, rather than office real estate developments. It follows that the effects of a change in residential real estate prices on common stock prices should be more pronounced.
Impulse Response
In addition, to test long-run relationships between real estate and stock prices, cointegration tests can be employed. The cointegration approach provides a statistical framework in which long-term relations and shortterm dynamics can be distinguished for a system of nonstationary time series. Subsequently, statistical criteria and economic theory are used to identify the long-run structure of the model, and to investigate short-term characteristics. Consider a pth-order vector autoregression:
where c denotes an (n × 1) vector of constants and Γ j an (n × n) matrix of autoregressive coefficients for j = 1, 2, . . . , p. The (n × 1) vector ξ t is a vector generalization of white noise: E(ξ t ) = 0 and
with Ω an (n × n) symmetric positive definite matrix. Equation (9) can be written in vector MA(∞) form as,
The matrix φ s has the interpretation
The element of φ s identifies the consequences of a one-unit increase in the variable's innovations at time t(ξ) for the value of the variable y at time (t + s), holding all other innovations at all dates constant. Thus, a plot of the element of φ s as a function of s is called the impulse-response function. It describes the response of the ith variable of y i,t+s to a one-time impulse in the jth variable of y jt with all other variables dated t or earlier held constant.
First, unit root tests indicate that the data series RP, OP and XP in logarithmic first difference are stationary. As shown in Table 5 , the Engle-Granger cointegration test for the unit roots of residuals indicates that common stock prices, and residential and office real estate prices are cointegrated (Dickey and Fuller, 1979; Perron and Phillips, 1987) . The main advantage of the two-step Engle-Granger procedure is its simplicity. In this study, we do not suggest using the Johansen-Juselius method because it is sensitive to slight misspecifications. Thus, the VAR model was used with an error correction term (VEC). The cointegration test shows that the growth rates in residential and office property prices tend to move with common stock prices in the long run. Figures 2 and 3 illustrate the impulse response function of XP to RP and OP respectively.
The impulse response function is used in the present study, fitted with annual data from 1974 to 1998. For cointegrated variables, the VAR specification is performed with a VEC. In modeling the macro-economic time series, disturbances to a cointegrated system are often classified into two structural groups, the permanent shocks that have long-run effects and the transitory shocks that do not, to investigate their dynamic impulse responses. Specifically, the relationship between property and stock prices 
An ADF statistic, relevant for the regression model with a drift, with and without time trend (with 1-4 lags), can be used: can be represented by a vector auto-regression (VAR) framework. A VAR representation is a system in which each equation has identical right-handside variables, and the right-hand-side includes lagged values of all the endogenous variables (Sims, 1980) . In what follows, we set up a threeequation VAR system. The dependent variables are log(XP ), log(RP ) and log(OP ) and trace the effects of log(RP ) and log(OP ) shocks on log(XP ). The variance decomposition breaks down the variance of the forecast error for each variable into components that can be attributed to each of the endogenous variables. The impulse response function shows how a variable in the VAR system responds to a single exogenous change in another variable of interest. Plotting the impulse response functions is a practical way to visually represent the behaviour of the stock prices in response to the property price shocks. With a VAR representation, we have to determine the number of lags that are needed to capture most of the effects that the exogenous variables have on the endogenous variable. The VAR equation was estimated using the Akaike Information Criterion (AIC) to find the optimal lag lengths. It was found that two lags is appropriate by AIC.
Figures 2 and 3 show the impulse response functions which indicate for each variable the speed towards the long-run equilibrium relationships. The effects of a one-unit shock with 2 lags, using VEC, are illustrated in Figures 2 and 3 respectively. As shown in Figure 2 , in response to a one standard deviation disturbance in the residential property price, future stock price increases by 0.18 standard deviation in the first period, but tends to stabilize at 0.05 thereafter. One of the interesting findings is that the disturbance originating from office property price appears to produce very little impact on the stock price (Fig. 3) . On the other hand, the stock price has a positive impact on the residential and office property prices. As is seen, the impacts of the stock price on the office property price appear to be cyclical, and die out quickly.
Conclusions
A majority of empirical research in real estate has concentrated on constructing efficient real estate portfolios. A potential problem arising from this approach in a practical setting is that the resulting efficient portfolio weights in a mixed-asset framework, such as the fraction invested in real estate versus the fraction invested in common stocks, are very period-specific. These estimations are often very unstable (Eichholtz et al., 1998) . Thus distinguishing the relative impacts of residential and office real estate prices on the stock market can be important to guide investment strategies. However, it is unlikely to have a good investment strategy without an understanding of the competitive environment, and the relationships between different investment tools. Particular attention should be directed to the interaction of real estate prices on common stock prices.
This study examines the impact of residential and office property prices on stock prices in Hong Kong. The results, using annual data in the 1974-1998 period, indicate that the impact of residential property prices on common stock prices is more than 127 percent of the impact of office prices on stock prices. This may be due to the fact that most developers in Hong Kong focus on residential, rather than office real estate developments. However, the results indicate that changes in stock prices tend to move with residential and office property prices in the long run. Thus, in an environment of declining real estate values, all investors would also have to reduce the share of securities investment, especially the real estate related stocks. The findings also suggest that inflation expectations are also one of the important determinants of the change in stock prices. Our results suggest that while changes in expectations is an important determinate of the short-run correlation between property and stock prices, the long-run positive correlation is due to economic fundamentals that affect both property and stock prices. By estimating the relative magnitude of the changes in different types of real estate prices leading to changes in stock prices, one can allow explicit consideration for the inclusion of real estate in efficient portfolios.
